SUMMARY The suitability of the API ZYM system for identifying thermophilic Naegleria species, based on enzyme presence and activity, was investigated. Replicate testing on strains ofNfowleri, N lovaniensis, and N australiensis cultured in a monoxenic and an axenic medium showed that the system could provide a rapid and reproducible means of identifying the species soon after primary isolation. No single enzyme was found specific for any one species, but considerable differences were found in the pattems of activity of acid phosphatase and leucine arylamidase. When these were compared the species could be differentiated. Use of the system in conjunction with a simple culture method is proposed as a readily available means of monitoring environmental and public bathing sites to prevent primary amoebic meningoencephalitis.
Naegleria fowleri is a pathogenic free living amoeba that causes fatal primary amoebic meningoencephalitis in man.' It is widely distributed in nature and can be recovered from thermally polluted water, mud, and soil. Cases of primary amoebic meningoencephalitis have been recognised world wide, and infection is usually attributed to swimming in an infected public bath or environmental water. Found in association with N fowleri are two other thermophilic species, N lovaniensis2 and N australiensis.3 When the environment is monitored for the presence of such amoebae isolates should be identified clearly, accurately, and quickly. N lovaniensis is closely related to N fowleri but is non-pathogenic. Both species can grow on bacteria at 44°C, produce a cytopathic effect in tissue culture, and cross react serologically.2 N lovaniensis has been isolated from hydrotherapy pools and indoor aquaria45 and is considered to be an indicator of environmental conditions favourable to the growth of N fowlen. N australiensis is pathogenic for mice on intranasal inoculation but its virulence is generally less than that of N fowleri, and it has not yet been shown to infect man. Recent isolates from a thermal spa in Italy, however, were as virulent as N fowleri for mice, increasing speculation about the pathogenic potential of the species in man.6
The close ecological, biological, and pathogenic relation between the thermophilic Naegleria makes Results Table 3 shows the profile results of enzyme activity. No enzyme specific to any one species could be shown but important differences in the enzyme activity of leucine arylamidase and acid phosphatase (substrate wells 6 and 11) could be used to differentiate the species. N fowleri was characterised by low leucine arylamidase and high acid phosphatase activity, N lovaniensis by high leucine arylamidase and low acid phosphatase activity, and N australiensis by high leucine arylamidase and acid phosphatase activ-Rapid identification of thermophilic Naegleria, including Naegleria fowleri using API ZYM system 1291 ity. The results for these two enzymes were consistent for both species and strain on repeated testing. The Figure shows the relation between leucine arylamidase and acid phosphatase activity for the species based on the activity ranges obtained for the strains tested. No differences in overall pattern were observed when monoxenic and axenic culture were compared, and the results in Table 3 include both sets of data. The activity of the other enzymes (substrate wells 2, 3, 4, 12, and 18) remained constant save for minor fluctuations in alkaline phosphatase activity (substrate well 2).
Lysates of amoebae, cultured in either medium and prepared by resuspending 2 x 105 amoebae in 2 ml of 1% Triton X-100 in distilled water, did not detect any enzymes in addition to those described for whole amoebae. The enzyme activities were increased with a consequent loss in the differentiating ability of the system.
Several strains of N gruberi, which would not grow above 37°C on bacteria, were examined and had a similar profile to N lovaniensis. Acid phosphtcitse rating
Relation between leucine arylamidase and acid phosphatase activity for thermophilic Naegleria.
The results of this study indicate that the API ZYM system is a simple and reproducible means of iden-australiensis. The observation of De Jonckheere and tifying thermophilic Naeglenia spp soon after prim-Dierickx that the activity of acid phosphatase is ary isolation.
raised and the activity of leucine aminopeptidase Although no enzyme specific for one species was lowered in N fowleni compared with other nonfound, differences in the pattern of activity of pathogenic Naegleria spp8 was confirmed in this leucine arylamidase and acid phosphatase effec-study as leucine aminopeptidase reacted with the tively differentiated N fowleri, N lovaniensis, and N same substrate used in the API ZYM system (L- 
